The purpose of this study was to determine whether introductory psychology students could make effective use of the mnemonic keyword method in: (a) initially acquiring 26 neuroscience terms; (b) retaining this information over time; and (c) applying what they learned to a task requiring some degree of higher-order thinking. In two separate classes, 70 participants were trained either to use the keyword method or their own best method to study the neuroscience terms. After a 5-day delay, students returned to complete an unannounced assessment of the neuroscience terms. Based on a reduced sample of 58 'eligible' participants, results indicated that students using the keyword method outperformed their own-best-method counterparts on immediate, delayed, and higher-order thinking assessments. The findings support the literature on the utility and power of the keyword method in actual psychology classroom learning contexts.
The successful use of mnemonic techniques is not new to the mastery of psychology content (e.g., Balch, 2005; Carney & Levin, 1998 , 2008 Lakin, Giesler, Morris, & Vosmik, 2007; Stadler, 2005) . However, the current study builds on this work, specifically in relation to Levin's (e.g., 1998, 2008) research. Here, we applied the keyword method to 26 neuroscience terms selected from recent psychology textbooks. Our experiment differed from, and improved upon, the Carney and Levin keyword method studies with psychology terms in several ways: (a) Carney and Levin's participants were third-year and fourth-year university students, whereas the present study's participants were predominantly first-year and second-year (and hence cognitively more naïve) students; (b) control students were instructed to use their 'own best method' of studying (in contrast to the rote repetition strategy applied by the control students of Carney and Levin's studies); (c) as in Carney and Levin's studies, both immediate and delayed memory were examined but instead of focusing on 2-day delayed performance, we employed more challenging 5-day delayed tests; and (d) three test formats were used: recall, matching, and higher-order thinking multiple choice.
Method

Participants
Seventy introductory psychology students were randomly assigned to either mnemonic or ownbest-method conditions. The average age of the students was 26 years and 2 months (17-54 years). Table 1 includes other demographic data on the initial participant sample. 
Measures and Materials
Twenty-six neuroscience terms were used in this study as the targeted to-be-learned material (see Table 2 ). Two versions of a study booklet were developed and provided to students: one booklet for the own best method and one for the keyword method. These booklets served as the source of instructional and test materials for students. See procedure section for further detail. Three dependent measures were devised: a 26-item matching test (matching the neuroscience terms with their meanings), a 10-item free-recall test, and a 10-item higher-order thinking multiple-choice test. The higher-order test required students to go beyond learned information by rote and to make reasoned inferences based on their acquired definitions. An example of one of our higherorder thinking items is: 'Jessica experienced difficulty keeping her balance after receiving a blow to the back of her head. It's likely that she injured her: a. cerebellum; b. thalamus; c. hypothalamus; or d. limbic system'. Scores for each measure were converted to proportions correct.
Procedure
The experiment was conducted in two class settings, each containing 30-40 students. Within each class, students were randomly assigned to the two experimental conditions.
On Day 1, a generic introduction explained that the students would be learning a set of neuroscience terms. Then, the study booklets described their respective strategies, provided practice items, and directed students to take a practice matching test (4 minutes total).
Next, Stage 1 paced students at 10-second intervals through the 26 terms (own best method) or the 26 terms and their corresponding keywords (keyword method).
In Stage 2, students were paced at 20-second intervals through the 26 terms and their meanings or functions (own best method) or that material plus corresponding keywords and sentences containing interactive images (keyword method) -see Table 2 . Following a 3-minute unrelated word search, students completed the matching test over the terms.
On Day 2 (5 days later), students returned to take three unannounced tests -recall (10 items), matching (26 items), and higher-order thinking multiple-choice (10 items) -as well as to complete a brief questionnaire. 
Processes ordered information
Imagine a ballplayer in left field chattering to the batter 'Strike 1, strike 2, strike 3!' This is ordered information. Limbic (limb) system Part of the brain linking instinct to higher thinking Imagine that a dog has chased a cat up the limbs (limbic) of a tree. The cat climbs the limbs because its instinct is to get higher.
Occipital (octopus) lobes
Vision
Imagine an octopus (occipital) staring at you with his big, round eyes (vision). 
Parietal (parent) lobes
Hearing
Imagine someone paints ears on a doll using tempera (temporal) paint. 'These ears (hearing) are painted on,' he says.
Results
Data Screening and Manipulation Checks
In this study, we employed two measures to assess whether the keyword training was implemented effectively (manipulation check), and one measure to assess students' prior knowledge. As Hwang and Levin (2002) have suggested, prior knowledge may be an important factor in the recall of learned information. Thus, in order to control for prior knowledge effects, we asked students to report the number of items (0-26) for which they already knew the meanings. Based on students' responses, seven students were removed from the analyses because they reported knowing over half of the neuroscience terms. Further, to assess whether keyword students used their technique correctly, they were asked if they had any difficulty with either the provided keywords or the image-provided sentences (yes or no). The five students who answered yes to both questions were excluded from the main analyses (but see the next section). This resulted in an 'eligible' sample of 58 participants, with 28 in the keyword condition and 30 in the own-best-method control condition.
Main Analyses
We conducted four independent sample t tests (each based on a two-tailed Type I error probability of .05) on the mean proportions correct. The results are summarised in Table 3 . There it may be seen that students in the keyword condition statistically outperformed their counterparts in the own-best-method condition on the immediate matching test, the 5-day delayed matching test, and the 10-item higher-order thinking test. There was no statistical difference between the two conditions on the 5-day delayed recall test. Note. *p < .05, **p < .01. There was no attrition of students on Day 2. The df = 56.
We also conducted a mixed repeated-measures analysis with condition as a between-subjects factor and time (immediate vs. 5-day delayed matching-test performance) as a within-subjects factor. In that analysis, the mean performance of keyword students (67.3%) was again statistically higher than that of control students (53.1%), F(1, 56) = 6.87, p = .011, d = .69. In addition, as would be expected, students performed better on the immediate test (68.0%) than on the delayed test (52.4%), F(1, 56) = 39.94, p < .001, d = .82; and the interaction between condition and time was not statistically significant, F(1, 56) < 1, which indicates that the memory advantage displayed by keyword students was comparable on the two matching tests (immediate and 5-day delayed). Analyses were also conducted prior to removal of the five students in the keyword condition and, with one minor exception (specifically, on the delayed matching test p = .05 rather than p < .01), the statistical outcomes substantiated those reported in Table 3 .
Discussion
Our goal in conducting this study was to validate empirically keyword method study materials for a set of unfamiliar neuroscience terms -terms that are increasingly making their way into the introductory psychology lexicon. We were particularly interested in determining how beginning students (approximately 70% of our participants were at the freshman or sophomore level) would fare with our provided mnemonic materials. In this regard, our study replicated the findings of previous keyword studies involving psychology terminology (e.g., Carney & Levin, 1998 , 2008 in that mnemonic students outperformed own-best-method control students on both immediate and 5-day delayed matching tests. These findings underscore the usefulness of the keyword method as a strategy that can be provided to beginning students who often enroll in psychology courses featuring new and difficult terminology.
Further, and importantly, we found that students in the mnemonic condition outperformed control students on the Day 2 multiple-choice test involving higher-order thinking. Our study adds to a small but growing body of research that suggests that higher-order thinking can be improved by building lower-order mnemonic associations (e.g., Carney & Levin, 1998 , 2003 , 2008 Levin & Levin, 1990) .
Our efforts to measure prior knowledge and appropriate strategy use might have been improved. For example, instead of asking students to report the number of items previously known, future researchers could better assess this by administering an actual prior knowledge test, the results of which could be incorporated into the analysis. Also, future researchers might elicit more detailed information about strategy use (i.e., rather than the simple yes or no question used in this study). Finally, it would be interesting to determine whether the strategy would transfer from one set of terms to those in another context (e.g., a different academic field).
As an educational recommendation, providing the components of the keyword method (i.e., keywords and interactive mental images) appears to be beneficial to students in introductory psychology courses in which a neuroscience lexicon is first introduced -both in terms of rote learning and with respect to questions requiring reasoned inference. Additionally, because creating mnemonic materials can sometimes take considerable time for instructors, we are happy to share our Table 2 materials with other psychology instructors. In sum, we encourage instructors to teach their students this technique -and perhaps even better, provide them with actual mnemonic study materials.
